Better data on pedestrian volumes are needed to improve the safety, comfort, and convenience of pedestrian movement. This requires more carefully-developed methodologies for counting pedestrians as well as improved methods of modeling pedestrian volumes. This paper describes the methodology used to create a simple, pilot model of pedestrian intersection crossing volumes in Alameda County, CA. The model is based on weekly pedestrian volumes at a sample of 50 intersections with a wide variety of surrounding land uses, transportation system attributes, and neighborhood socioeconomic characteristics. Three alternative model structures were considered, and the final recommended model has a good overall fit (adjusted-R 2 =0.897). Statistically-significant factors in the model include the total population within a 0.5-mile radius, employment within a 0.25-mile radius, number of commercial retail properties within a 0.25-mile radius, and the presence of a regional transit station within a 0.1-mile radius of an intersection. The model has a simple structure, and it can be implemented by practitioners using geographic information systems and a basic spreadsheet program. Since the study is based on a relatively small number of intersections in one urban area, additional research is needed to refine the model and determine its applicability in other areas.
INTRODUCTION
Pedestrian street crossings are among the most common movements in urban transportation systems. People walk and use wheelchairs to go to work and school, access bus stops and train stations, patronize neighborhood stores, travel from automobile parking spaces to buildings, and participate in many other activities. It is important for planners, engineers, designers, public health professionals and others to have reliable estimates of pedestrian activity. Pedestrian volumes can be used to:
• Quantify pedestrian exposure in safety analyses (express pedestrian risk as the number of reported pedestrian crashes per pedestrian crossing) • Set priorities for pedestrian engineering, education, enforcement, and encouragement projects (in conjunction with public input, safety data, and other inputs) • Guide the design of sidewalks, trails, median islands, and other facilities to serve anticipated pedestrian volumes (beyond meeting minimum accessibility requirements) • Predict the number of pedestrian crossings that will occur after a land use development, roadway project, or transit service change is implemented • Analyze whether or not a crosswalk will meet an engineering warrant for a pedestrian crossing signal or other crossing treatment • Predict the amount of pedestrian traffic near commercial businesses.
Study Purpose
The purpose of this paper is to present a preliminary model of pedestrian intersection crossing volumes. While many variables for predicting pedestrian volumes were analyzed, the recommended pilot model has a simple structure. The model uses inputs that are available from common data sources (the US Census, local transit agencies, local roadway databases, aerial photographs, etc.), so it can be implemented by practitioners using geographic information systems and a simple spreadsheet program.
The results demonstrate that it is possible to use a relatively small sample of intersection pedestrian counts to develop a basic, initial predictive model of pedestrian activity for other intersections in an urban area. Since the analysis was conducted in one urban area (Alameda County, CA), more research is needed to refine the model equation and determine the applicability of the results for other communities.
PREVIOUS STUDIES
A variety of methods have been used to estimate or approximate pedestrian volumes. Overlay mapping techniques, or sketch-plan methods, such as the Latent Demand Score, are useful for planning and prioritization (1, 2, 3, 4, 5, 6) . However, they are not typically calibrated to actual pedestrian volume counts. Instead, they rank locations of pedestrian activity on a relative scale. Regional traffic volume models have also been modified to include walking as a mode choice (7, 8, 9 ). Yet these regional models typically base trip generation on the characteristics of traffic analysis zones (TAZs). Since many pedestrian trips are made within a TAZ, the geographic scale of analysis is too large to capture fine-grained differences in pedestrian activity at individual intersections.
Several pedestrian models have been developed using regression modeling techniques. Cameron estimated a model of mid-day and evening pedestrian activity on sidewalk segments in Manhattan. Variables in the model included square footage of office, retail, and restaurant uses on block faces, sidewalk width, streets (east-west direction) versus avenues (north-south direction), and distance to subway entrances (R 2 = 0.23 to 0.61, depending on street orientation and time of day) (10). Benham and Patel predicted noon-hour pedestrian activity in Milwaukee based on the total square footage of commercial, office, cultural and entertainment, and storage and maintenance uses on adjacent block faces. These land use factors explained approximately 60 percent of the variation in pedestrian volumes (11) . These models were limited to very dense, central business districts and specific times of day.
Space Syntax models also use regression modeling. They include street and pedestrian network characteristics such as connectivity (number of street segment connections to a given intersection node), mean depth (average number of street segments between a given node and any other node in the network), visibility (the area visible by direct lines of sight from any location in the street network), and relative asymmetry/integration (the number of turns that would be required to travel from a given point in the street network to any other point in the network). Applications of the Space Syntax model have predicted pedestrian flows with a high level of accuracy on 7,000 street segments and 670 intersections in Oakland (R 2 = 0.77) (12) , 82 sample count locations predicting 468 street segments and intersections in Boston (R 2 = 0.81) (13) , and 237 sample sidewalk blocks predicting volumes on 7,526 blocks in Central London (R 2 = 0.82) (14) . However, Space Syntax requires special software, such as Fathom Visibility Graph Analysis Software (15) .
The dependent variables used in previous models have included pedestrians crossing intersections and pedestrians using sidewalks. Pedestrian counts have been taken during specific observation periods throughout the day (10, 11, 12, 13, 14) (TABLE 1) . These counts are often converted to typical hourly volumes. One study extrapolated two-hour pedestrian counts to annual volume estimates (12) . However, few studies to date have used continuous counts to account for daily, weekly, and seasonal variations in pedestrian activity or capture the effects of weather and other factors on pedestrian volumes. Therefore, few models can produce accurate estimates of full day, complete week, or total annual pedestrian volumes.
Independent variables associated with pedestrian volumes include land use factors, transportation system attributes, and neighborhood socioeconomic characteristics (TABLE 1) . Many studies over the last 15 years have identified variables that are associated with different levels of pedestrian activity (though not all of the variables have been included in pedestrian models). The results of these studies are summarized in several comprehensive literature reviews (16, 17, 18, 19) .
Several other factors have also been used to evaluate pedestrian activity in communities. Time and cost variables are found in regional transportation demand modeling and elasticity studies (7, 8) . Environmental factors, such as weather and topography, are also considered in several studies (9, 16, 17, 18, 20) . The literature indicates that there is a need for a pedestrian volume model that incorporates land use, transportation system, socioeconomic, and other factors. Ideally, this model should be able to predict the pedestrian volume at specific locations for an entire day, week, or year. The approach used in this study addresses both of these needs. First, a thorough method was used to develop accurate pedestrian counts. Second, a large number of possible explanatory factors were documented and considered in the statistical modeling process. In addition, the recommended pilot model has a simple structure that will make it straightforward for practitioners to test.
METHODOLOGY
This section describes the study area and methodology used to develop the pedestrian crossing model. The model is based on pedestrian counts taken at 50 intersections along arterial and collector roadways in Alameda County, CA.
Study Area
Alameda County, CA is part of the San Francisco Bay Metropolitan Region. The county (Census Bureau 2007 estimated population 1.46 million) is an excellent location for this pilot study because it includes urban, suburban, and exurban communities-many of the built environments in the county can be found throughout the United States. Oakland is the largest city in the county (population 401,000). Alameda County includes the Oakland central business district and other downtown commercial areas, clusters of neighborhood retail shops as well as larger malls, mixed and single-use zoning, various street patterns, bus and rail transit systems, and a population with a wide range of socioeconomic characteristics. According to Census 2000, approximately 51 percent of residents referred to themselves as White, 27 percent Asian, 21 percent Hispanic or Latino, and 14 percent Black. Twenty-four percent of residents are under age 18, 11 percent are over age 64, and 13 percent have some type of disability (21) .
Intersection Selection
The selection of intersection sites for pedestrian volume counts is critical for developing an unbiased model. Previous modeling efforts that have been based on existing counts may reflect the bias in how those locations were chosen (e.g., communities often take counts at locations with the highest pedestrian volumes or locations of interest to residents or advocacy groups, so a model based on these locations may not represent other types of locations very well). In contrast, this study used a deliberate process to select sites with a wide range of pedestrian volumes, as well as locations surrounded by diverse land use, transportation system, and neighborhood socioeconomic characteristics.
A strategic sampling process was used to select the 50 intersections for this study. First, 30 intersections were selected from all 528 intersections along state-maintained arterial roadways. These 528 intersections were divided into high (highest third), moderate (middle third), and low (lowest third) categories for three variables: population density, median income, and proximity to commercial properties. This resulted in 27 different strata (e.g., Population Density = High, Median Income = High, Commercial Retail = High; Population Density = High, Median Income = Medium, and Commercial Retail = Low; etc.). One intersection was to be chosen from each of these strata. Since two of the strata did not contain any intersections (Population Density = High, Median Income = Low, Commercial Retail = Low and Population Density = Medium, Median Income = Low, Commercial Retail = Low), one intersection was chosen from each of the 25 strata that were represented. Five additional intersections were chosen randomly from five different strata to complete the initial sample of 30 state-maintained roadway intersections. Counts at these intersections were funded by the state department of transportation.
The 20 remaining intersections for the study were selected from a total of 6,938 intersections (6,902 roadway intersections and 36 major roadway/multi-use trail intersections) along other (non-state-maintained) arterial and collector roadways in Alameda County. Several constraints were placed on the selection of these 20 intersections to ensure variation in land use and transportation system characteristics surrounding the selected points:
• At least four intersections needed to be in the Oakland, Fremont, Hayward, or Berkeley central business districts.
• At least two intersections needed to be where major multi-use trails crossed roadways.
• At least three intersections needed to be in each of the four county planning areas (North, Central, South, and East). Counts at these 20 intersections were funded by the county transportation authority.
Additionally, the following rules were used to select all 50 intersection points:
• No intersection could be located within 0.25-mile (402 m) of any other selected intersection. This was done to limit spatial autocorrelation (observations at adjacent intersections may not be independent because the same people have a high likelihood of crossing both intersections).
• Intersections were required to have a population density of at least 50 residents per square mile within a 0.25-mile (402 m) buffer to be considered for selection. Lowdensity areas are likely to have very sparse, variable pedestrian activity, which is difficult to model. This ruled out 485 intersections.
• Intersections needed to be at least 0.25-mile (402 m) from an adjacent county border in order to reduce the amount of data needed from surrounding counties. This ruled out 104 intersections.
• Offset intersections were considered to be a single intersection if the centerline of one intersection was within 20 feet (6.10 m) of the center of the other intersection. Otherwise, they were counted as two separate intersections.
• Intersections undergoing construction were not considered.
• Grade-separated intersections were not considered. The 50 selected intersections had a wide variety of characteristics and were spread throughout the county (FIGURE 1). While there was significant variation between sites, the average values were similar to the county as a whole (descriptive statistics are provided in TABLE 2). The selected intersections included:
• 9 intersections within 0. 
Pedestrian Crossing Counts
One of the overall goals of the study was to evaluate intersection exposure to vehicle-pedestrian collisions. Therefore, pedestrian counts were taken at intersection pedestrian crossings. While pedestrian counts along sidewalk segments are important for planning and prioritization, pedestrians are typically exposed to the risk of collision and injury when crossing the street. Further, the study focused on pedestrians crossing arterial and collector roadway intersections because these roadways often have the most activity destinations for pedestrians, highest motor vehicle volumes, most popular bus lines, and most challenging pedestrian crossings.
Intersections of two local streets were not evaluated. Any pedestrian who crossed within a crosswalk or within 50 feet (15.2 m) of either side of any marked or unmarked crosswalk was counted (this included people walking their bicycle across the street, babies being carried, and individual pedestrians crossing each intersection leg multiple times, but it did not include skateboarders, in-line skaters, or people riding bicycles). Each leg of the intersection was counted separately and summed to derive the total pedestrian volume. Midblock crossings (more than 50 feet (15.2 m) from the intersection crosswalk) were not observed during this analysis. Midblock counts require data collectors to focus simultaneously at the intersection and further down all approaching roadways. This is difficult to do accurately without additional data collectors at midblock locations. A single pedestrian was counted multiple times at the same intersection if he or she crossed more than one leg. Right-turning pedestrians on the sidewalk were not counted because they did not cross the roadway. At "T-intersections" there are only three roadway crossings. However, pedestrians using the sidewalk on the fourth side of the intersection were counted as long as they walked at least half of the "crossing" distance on that leg. This made it possible to make direct comparisons between the total intersection volumes at 3-and 4-way intersections.
Two separate manual counts were taken at each study intersection between April and June 2008. One was a weekday count (Tuesday, Wednesday, or Thursday) and the other was a Saturday count. All manual count periods were two hours long, from 9:00 a.m. to 11:00 a.m., 12:00 p.m. to 2:00 p.m., or 3:00 p.m. to 5:00 p.m. These time periods were chosen because they were expected to have the most consistent pedestrian travel patterns from week to week.
Daily, Weekly, and Seasonal Pedestrian Volume Patterns
It is critical to understand hourly, daily, weekly, and seasonal variations in pedestrian and bicycle activity at different sites in order to interpret count data correctly (21, 22, 23, 24) . The peak hour period for pedestrian travel may not be the same at all locations, even within the same neighborhood. Near a school, the peak hour may be from 3:00 p.m. to 4:00 p.m.; in a restaurant district, the peak hour may be from 7:00 p.m. to 8:00 p.m. Several studies have classified daily distributions of pedestrian volumes into different categories based on land use type. Classifications have been based on the type of pedestrian activity near a count location, including shopper, employee, visitor, commuter, mixed, or special (21) and on the location of a count site within a region, including central business district, residential, or fringe area (23) . A study of 14 count sites in Washington, DC found six distinct pedestrian volume distribution patterns (22) .
EcoCounter Dual Infrared Pyroelectric pedestrian sensors were used to extrapolate the two-hour weekday and Saturday manual counts to average daily, weekly, and annual pedestrian volumes. Between April and June 2008, these devices were rotated among a set of 13 of the 50 locations to identify different patterns of pedestrian activity (FIGURE 1).
The infrared counters were installed to count pedestrians on the sidewalk near the intersection (i.e., within approximately 100 feet of the intersection). This is because the technology is not suitable for counting pedestrians crossing the street. Therefore, it was assumed that the daily pattern of sidewalk activity was nearly identical to the daily pattern of pedestrian activity in the crosswalks. The infrared sensors tend to undercount pedestrians slightly, most likely because they do not detect pedestrians walking exactly side-by-side.
To address undercounting, the sensor counts were tested against manual counts during several different time periods. This comparison revealed undercounting between one and 20 percent, similar to a previous evaluation of the same technology (25) . There was no evidence that rate of undercounting was related to pedestrian volume. Therefore, undercounting was assumed to have no effect on the daily pedestrian volume distributions used in the analysis (e.g., a given time period represents the same percentage of the total daily volume, regardless of how much each hour is undercounted, since the rate of undercounting is the same throughout the day).
Reliable counts were gathered at 11 of the 13 infrared sensor locations. The analysis identified differences in pedestrian volume patterns near employment centers, residential areas, neighborhood commercial areas, and multi-use trails. Adjustments were made to account for these differences at all 50 study intersections. The two-hour manual counts were also adjusted to account for differences in time (e.g., time of day, day of week) and weather (e.g., cloud cover, temperature).
Extrapolated weekly pedestrian crossing volume at each intersection was the dependent variable used in the pilot model. Weekly pedestrian volumes ranged from 323 at an intersection surrounded by open space, hotel, and industrial land uses near Oakland International Airport to 113,000 at an intersection in the Oakland central business district. For all 50 intersections, the average weekly pedestrian volume was 9,260 (standard deviation = 18,000).
A more extensive description of the pedestrian counting methodology used for this study is provided in the paper, "A Methodology for Counting Pedestrians at Intersections: Using Automated Counters to Extrapolate Weekly Volumes from Short Manual Counts" (26) .
ANALYSIS
This section describes the data analysis process used to estimate regression models and recommend one of the alternatives as the final pilot model. After the pedestrian count data were extrapolated to weekly volume estimates (described above), four main steps were followed: 1) screen all of the potential explanatory variables and do not consider any variables that do not have a relatively high correlation with pedestrian volume, 2) screen the remaining explanatory variables for collinearity and avoid including highly-correlated variables in the same model, 3) choose three alternative model structures that had a good overall fit and statistically-significant explanatory variables to compare, and 4) examine the three alternatives and recommend one preferred pilot model.
Regression Modeling
Ordinary least squares (OLS) regression was used to develop the pedestrian crossing volume model. The modeling process tested the statistical relationship between weekly pedestrian crossings at each intersection and a range of land use, transportation system, socioeconomic, and intersection site characteristics. More than 50 variables were reviewed for inclusion in the model (TABLE 2) . The land use factors, transportation system attributes, and socioeconomic characteristics were gathered from the area surrounding each intersection. Three different buffer radii were used: 0.1 miles (161 m), 0.25 miles (402 m), and 0.5 miles (805 m) (most of the 0.5-mile variables are omitted from Table 2 ). Few previous studies have examined the distances at which specific variables influence pedestrian volumes. Using several different radii for each variable makes it possible to explore this issue. 2) The number of "bus route stops" is the sum of the number of different bus routes servicing each bus stop within a given distance of the intersection (e.g., if 4 routes service a single bus stop, that particular bus stop will be counted 4 times).
3) Sidewalk coverage is estimated from aerial photography. 100% coverage (1.00) is sidewalks on both sides of all surface streets within 1/4-mile of the intersection. Sidewalks on only one side of all streets would be considered 50% coverage (0.50). 4) Sidewalk buffer is estimated from aerial photography. 100% buffer (1.00) indicates that the sidewalks on both sides of all surface streets are separated from the edge of the roadway by a grass, tree, shrub, or other type of buffer. If 5) Detailed intersection characteristics were not gathered for all roadways in Alameda County. Because of cost, these characteristics would only be collected if they were significant in the final regression model. Median income is calculated as the weighted average of median incomes reported for the census block groups surrounding the intersection. Weights are assigned based on the proportion of the census block group within the specific buffer diatance from the intersection.
2) Several census block groups did not have data for median income. Intersections with a median income of 0 within the given buffer distance considered in this statistical summary.
3) Mainline roadway is the intersecting roadway with the higher traffic volume. 4) Average number of lanes on each mainline approach includes all through-, left-, and right-turn lanes. 5) Curb radius category reflects the average estimated curb radius of all corners at the intersection. 6) "T" intersections are 3-way intersections. Intersections were not considered to be "T" intersections if the fourth approach was a commercial driveway. 7) Detailed intersection characteristics were not gathered for all roadways in Alameda County. Because of cost, these characteristics would only be collected if they were significant in the final regression model. With a sample size of 50 intersections, it is not possible to include all of the potential independent variables in the model. Variables were selected for the model or removed from consideration using several steps. First, variables with a low correlation (|ρ|<0.4) with the dependent variable (e.g., number of weekly pedestrian crossings) were removed. Then, correlations between the remaining independent variables were analyzed. Independent variables with high correlation coefficients (|ρ|>0.7) were not included in the same model. Finally, several OLS models were estimated. The three models with the best balance of statistically-significant independent variables, overall model fit, and intuitive coefficients were selected as final alternatives.
Model Alternatives
Three alternative model structures were considered when choosing the final recommended model (TABLE 3 Model B is similar to Model A, but it does not include the variable for percentage of the surrounding population that is under age 18. As a result, Model B may be easier for practitioners to use than Model A since it does not require gathering neighborhood-level age data from census files.
Model C uses many of the same types of variables as the other two models, but the distance thresholds are different. Population and commercial properties are evaluated at a distance of 0.10-miles (161 m), and a 0.25-mile (402 m)-distance is used for proximity to a regional transit station. The total number of bus stops within 0.10-miles is also included in this model. Model C has several disadvantages. While the smaller buffer areas provide more localized population and commercial property information, these variables may not work well in larger-scale suburban areas. For example, commercial retail properties in malls may be more than 0.10 miles (161 m) from adjacent intersections. In addition, data on the total number of bus route stops (each bus line is counted separately) may be difficult to gather. The model residuals (difference between predicted volume and observed volume at each intersection) were also graphed for all three models. Differences in predicted and observed values ranged between almost zero to less than 20,000 pedestrian crossings per week (FIGURE 2). None of the three residual patterns suggested that one model was better or worse than the others.
While all three models could be used, Model B was recommended because it is has a good overall model fit, includes statistically significant and logical independent variables, and can be estimated using readily-available data.
RESULTS
The recommended pilot pedestrian intersection crossing model has the following form:
Total pedestrian intersection crossings per week = 0.928 * Total population within 0.5-miles of the intersection + 2.19 * Total employment within 0.25-miles of the intersection + 98.4 * Number of commercial retail properties within 0.25-miles of the intersection + 54,600 * Number of regional transit stations within 0.10-miles of the intersection -4910
(1)
The adjusted R 2 -value of the model is 0.897, and the F-test is significant at a 99.9 percent confidence level. All of the independent variables in the recommended model are statistically significant at the 95 percent confidence level and have a logical interpretation. 
Validation
An important next step in the modeling process will be to test the predictive accuracy of the model at other intersections in Alameda County. This will require collecting comparison counts using a methodology identical to the approach used in this study. While new counts are needed, several counts from the past six years were available in different parts of Alameda County. Of hundreds of previous counts, only 46 included a clear description of the number of crossings at each intersection and the time of day and day of week when the count was taken. Important information about the specific data collection methods (e.g., how close to the intersection pedestrians needed to cross to be counted) and data collector accuracy were not available. Nonetheless, the pilot model pedestrian volume estimates were within 50 percent of the historic manual counts at 30 of the 46 comparison intersections. In the future, more consistent counts are needed to compare with the predicted model volumes. However, these historic count comparisons suggest that the pilot model and future refinements will be useful for estimating pedestrian volumes.
CONSIDERATIONS FOR FUTURE RESEARCH
The pilot model described in this paper is based on observations at 50 intersections in Alameda County, CA. The pedestrian volume estimates produced by the model are intended for planning, prioritization, and safety analysis at the community, neighborhood, and corridor levels. Since the model provides rough estimates of pedestrian activity, actual pedestrian counts should be used for site-level safety, design, and engineering analyses.
Although a systematic process was used to select the study intersections and gather count data, there are many variables that cannot be captured in a model with a sample size of 50. Variables that were not included in the model but may have a significant relationship with pedestrian volumes when more counts are taken include:
• Sidewalk coverage and buffer between roadway and sidewalk • Roadway width and number of motor vehicle lanes • Street network density • Percentage of households with no vehicles available While this pilot study suggests that pedestrian activity levels are influenced more by land use patterns than pedestrian facility and roadway design characteristics, accessible sidewalks and well-designed pedestrian street crossings are critical for pedestrian safety. In addition, many community surveys indicate that a safe and comfortable walking environment will increase pedestrian activity. Future research should continue to examine pedestrian facility quality variables.
Different types of statistical models should also be tested. This may include categorical models, model specifications that constrain predicted values to positive numbers, and models with interaction terms. Testing the predictive ability of the pilot model against future pedestrian counts will help suggest the types of refinements that should be made.
Due to restrictions used in the intersection selection process, the model may not be appropriate for predicting volumes at intersections adjacent to freeways and other grade separated roadways or in rural areas with less than 50 residents per square mile. In addition, the model may not perform well in locations close to special attractors, such as amusement parks, waterfronts, sports arenas, and regional recreation areas. Pedestrian volumes in these areas tend to be highly variable, with high volumes during certain seasons or during nice weather. Bridges and underpasses may also channel pedestrian activity, so more research may be necessary to adjust volume estimates near these features.
Daily, weekly, and seasonal pedestrian volume patterns were captured by infrared sensors at 11 of the 50 locations. While the temporal patterns from these intersections were applied to other locations with similar land use characteristics, they may not be precise matches. For example, a particular attractor, such as a gym or a school with certain hours of operation may exert a significant influence over the distribution of pedestrian activity at nearby intersections. This effect may not be captured in more general daily patterns of activity from other locations.
While people often walk along street segments and other pathways, straight-line distances were used in this study. Therefore, a commercial property that is within a 0.25-mile (402 m) radius of a person's home may actually require walking further than 0.25 miles (402 m). Network distances were not used because micro-scale data on pedestrian-only pathways, internal property circulation patterns, and informal pedestrian cut-throughs were not available.
The study used a stratified random sampling process. This was chosen over other methods in order to provide the greatest variation in the characteristics of study intersections while maintaining random selection for each individual intersection. If a simple random method had been used, intersections in the most common types of areas (such as low-density residential neighborhoods with middle-range incomes) would likely have made up most of the sample. Alternatively, selecting study intersections by convenience (such as locations suggested by local experts or community members) would introduce bias into the method.
Pedestrian trip attractors, such as commercial properties, regional transit stations, and schools were treated with equal weight in the modeling process. Future analyses could be done to incorporate weighting factors based on retail square footage, transit station access/egress counts, or school enrollment to capture these differences. However, an advantage of treating pedestrian attractors equally is that the pilot model remains relatively easy for practitioners to use.
The number of people walking in a particular community may also vary due to the overall condition of pedestrian facilities and attitudes towards walking in the community. These broader characteristics may change over time. Additional analysis in multiple communities is needed to identify these broader geographic and cultural influences on pedestrian volumes.
Further research is needed to increase the number of intersection count locations to increase the predictive capability of the model. These additional counts could be taken in Alameda County as well as other locations throughout the United States and other countries. Communities that are good candidates for refining the model would have a variety of pedestrian environments and have access to all necessary land use, transportation system, and socioeconomic data in GIS. It may also be possible to apply a similar methodology to develop models of midblock pedestrian crossing volumes and pedestrian volumes on sidewalk segments.
Finally, it would be beneficial to do a study to compare this study with other pedestrian models, such as Space Syntax. The models could be compared based on overall predictive ability, applicability to different geographic areas, cost, ease of implementation, and other factors.
CONCLUSION
The recommended pilot model is a simple tool that can be used to develop rough estimates of pedestrian intersection crossing volumes. Additional research and testing is needed to refine the model and determine its applicability in other communities. However, the model has a good overall fit, and the variables are statistically-significant and have a logical relationship with pedestrian volume. Practitioners can use this initial model and future refinements to estimate pedestrian exposure for safety analyses, prioritize locations for pedestrian projects, predict pedestrian volumes at intersections in new developments, and for many other purposes. Better pedestrian volume estimates will help planners, designers, engineers, public health professionals, and others improve the safety and convenience of pedestrian transportation.
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